SnO2 is one of the high capacity (782 mAh/g) anode materials used in lithium ion batteries with a tetragonal rutile structure and it alloys at voltage of 0.5V vs Li. However, cyclic stability for SnO2 and Sn based materials is very poor due to high volume expansion during alloying with Li ions (charging) and disintegration of structure during de-alloying (discharging) besides the formation of solid electrolyte interface (SEI) at lower operating voltage of the anode. Many attempts have been made to improve the cycle stability and minimize capacity losses of these materials by nanostructuring, making nanocomposites with graphene and CNT. Even though the results are promising, reproducibility and the scaling up of the electrode material still remains as a challenge. Here we introduce electrospinning as a new way of improving the cycle stability with minimum capacity loss using a composite electrode of SnO2 and lithium titanate (LTO). LTO with a cubic spinel structure can intercalate reversibly with Li ions delivering a capacity of 175 mAh/g, theoretically. Low crystal strains during charging-discharging makes the material work even at high charging rates. The combination of SnO2 and LTO can reduce the volume expansion experienced by bare SnO2 during alloying dealloying reaction as LTO itself is a zero-strain material. [1] [2] [3] [4] [5] [6] [7] . Besides the high theoretical capacity, the material (Sn/ SnO2) undergoes huge volume expansion (300 %) and contraction during Li-insertion and desertion respectively, leading to rapid capacity fading [8] [9] [10] . In comparison with Sn, oxides of Sn (SnO, SnO2) on cycling with Li forms less solid electrolyte interface (SEI) and hence less Li loss that is related to a low capacity loss in the first cycle. Moreover, in the initial discharge cycle, as Li goes out of the material (de-
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Introduction
Sn and SnO2 based Lithium ion battery anodes have gathered great attention based on their high-energy densities basically due to the moderate voltage of operation (0.5V/Li) and high theoretical capacities (SnO2 782 mAh/g, Sn 992 mAh/g) in comparison with the commercial graphite anode (372 mAh/g) [1] [2] [3] [4] [5] [6] [7] . Besides the high theoretical capacity, the material (Sn/ SnO2) undergoes huge volume expansion (300 %) and contraction during Li-insertion and desertion respectively, leading to rapid capacity fading [8] [9] [10] . In comparison with Sn, oxides of Sn (SnO, SnO2) on cycling with Li forms less solid electrolyte interface (SEI) and hence less Li loss that is related to a low capacity loss in the first cycle. Moreover, in the initial discharge cycle, as Li goes out of the material (de-alloying) the SnLi alloy structure disintegration causes the formation of tiny Sn particles in a matrix of Li2O that further engage in Li alloying /de-alloying reactions. The Li2O formed in the first cycle can act as a conducting matrix enhancing the kinetics of Li ion transport during the successive charge discharge cycles.
Further, in order to tackle the inherent capacity fade allied due to the huge volume expansion and contraction in the lithiation and de-lithiation of SnO2 anode, several structural modifications have been explored. Among those, carbon based composite electrode preparation utilizing graphene, CNTs, graphite and mesoporous carbons has gained much importance as those composites could considerably minimize the capacity fade in the Sn based electrode materials [11] [12] [13] [14] [15] [16] [17] . Another approach is the incorporation of another electrochemically active/ inactive oxide phase along with the SnO2 anodes. The presence of second oxide phase has reported to reduce the capacity fade in comparison to the neat SnO2 electrode materials [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] .
By considering the above-mentioned points, here we present a composite SnO2LTOC electrode material, synthesized by sol-gel/ electrospraying technique in the form of dimpled spheres. The presence of LTO in the composite electrode material is supposed to improve the capacity retention as it is a zero-strain material for the lithiation-delithiation mechanism [28] . More over conductive carbon in the electrode material enhances the Li ion diffusion provides high rate performance. The synthesis, characterization and electrochemical studies of the same are discussed in the coming sections.
Experimental

Materials
Titanium (IV) isopropoxide (TIP) 97% and Tin (IV) isopropoxide (SnIP) 10 wt/v in isopropanol were purchased from Alfa Aesar, India. Ethanol (99% pure), Lithium acetate di hydrate, Tin 2 ethyl hexanoate (T-2EH) and Polyethylene oxide (PEO, Mw 90,000 g/mol) were obtained from Sigma Aldrich, India. All the chemicals were used as such without any modification.
Preparation of SnO2/LTO dimpled spheres by sol-gel/electrospinning
Initially LTO sol and SnO2 sol were prepared separately similar to our earlier reported works [28, 29, 30] and mixed in 1:2 ratio to make the precursor sol for SnO2LTO DS. For preparing SnO2 sol [28] , 1 ml acetyl acetone was added to 2 ml ethanol and mixed thoroughly. SnIP was added to the above solution and was stirred for 30 min followed by drop wise addition of 500 μl water. To the above sol, T-2 EH was added to the aged sol, stirred for 30 min. 0.2% PEO solution was prepared in ethanol. The concentration Sn precursors in the SnO2 sol were 33% (v/v) SnIP and 13% (v/v) T-2EH. LTO sol was prepared using TIP and lithium acetate di hydrate in Li: Ti ratio 4: 5 [29, 30] . Then the SnO2 sol and LTO sol were mixed in 1:2 ratios by stirring for 1 h. Later the above solution was mixed with the PEO solution and electro-sprayed into SnO2LTO dimpled spheres. E-spin Nano machine, India was used for electrospinning process using 10 ml syringes fitted with 21 gauge needles. A voltage of 25 kV and 10 cm distance between the electrodes were maintained during electrospraying process. An aluminium foil was used for collecting the electrosprayed precursor dimpled spheres. A part of these SnO2LTOPEO precursor dimpled spheres were then calcined in air at 750 °C for 1 h to obtain SnO2LTO-DS. Another part of SnO2LTOPEO precursor dimpled spheres were annealed in argon atmosphere at 650 °C for 4 h to obtain SnO2LTOC-DS dimpled spheres.
Characterization
Morphology and phase formation of the dimpled spheres calcined in air and argon atmospheres respectively were analyzed using Field Emission Scanning Electron Microscope (FESEM, Hitachi model-S4300SE/N).and X-ray Diffraction studies (XRD, Bruker D8 with Cu Ka radiation). Raman analysis (Lab Ram micro Raman) was also performed for understanding the presence of carbon in the dimpled spheres.
Electrode preparation and electrochemical testing
For preparing electrodes, slurries of SnO2LTO-DS and SnO2LTOC-DS were prepared by mixing 80 wt. % active materials with 10 wt. % PVDF and 10 wt. % conductive carbons in sufficient amounts of N-methyl pyrrolidone. The slurry was then coated on to Al foil using doctor blade with 30 µm thicknesses and then dried in vacuum oven for 20 h. The dried film was then cut into 12 mm discs using a disk cutter and assembled into coin cells in argon atmosphere. For assembling the coin cells, a Whatman micro glass separator, counter electrode (Li foil) and electrolyte (1M LiPF6 in EC: DMC (1:1)) were used in cell assembling. Arbin Battery tester was used for testing the prepared coin cells.
Cyclic Voltammetry (CV) studies were conducted from 0.05 V to 2 V at a scan rate of 0.05 mV/s to understand the electrochemical reactions inside the SnO2LTO-DS and SnO2LTOC-DS. Later Galvanostatic charge discharge studies (GCD) were done in the potential range of 0.05 to 1.5 V at varying charging rates viz. 0.1 C, 0.3 C, 0.5 C, 0.8 C 1C, 3 C and 5 C for 10 cycles each to understand the rate performance of SnO2LTO-DS and SnO2LTOC-DS. Later cycle stability studies were conducted on the SnO2LTOC-DS for 200 cycles at a higher charging rate of 1C.
Results and discussions
Morphology and Phase analysis
The morphology of the prepared dimpled spheres calcined in air and argon atmospheres are provided in the Figure 1 . The air treated DS and argon tested DS were observed with 5µm in size and the high magnification image of both were observed with tiny grains of SnO2 and The XRD analysis of SnO2LTO-DS heat treated in air and argon atmospheres are provided in the Figure2. The XRD patterns ( Figure. 
Figure2. XRD patterns (A) and Raman spectra (B) of both SnO2LTO-DS and SnO2LTOC-DSsamples
Cyclic voltammetry studies
The Cyclic voltammograms of SnO2LTO and SnO2LTOC-DS are represented in the Figure 3 (A, B) . The initial discharge (de-lithiation) of SnO2LTO-DS and SnO2LTOC-DS half cells revealed the presence of cathodic peaks at 1.56, 1.4, 1, 0.5 and 0.3 and 0.2V respectively. During the cell charging (de-lithiation), anodic peaks were observed at 0.5V, 1V and 1.58 respectively. The cathodic peaks observed at 0.2V and the anodic peaks seen at 0.5V were observed in the subsequent CV cycles of both types of cells. The peaks observed at 1.56 V (cathodic) and 1.58 V (anodic) in the initial cycle can be attributed to the de-lithiation and lithiation reaction occurring in Li4Ti5O12 crystals representing the reduction of Ti oxidation state from 3 + to 4 + whereas, the peaks observed at 0.2 V and 0.5 V represents the Sn-Li alloy -de alloy reaction in the Sn lattice [28, 31, 32, 33] . The rest of the peaks observed in the initial discharge cycle can be attributed to the irreversible SEI layer formed on the electrode due to the electrolyte decomposition [32, 33] .Based on the above explanation, the reaction mechanism observed in the two types of electrodes can be depicted as below.
Li4Ti5O12 + 4.5Li + 4e
Li8.5Ti5O12 Scheme 1 SnO2 + 2Li + 2e
SnO + Li2O Scheme 2 SnO + 2Li + 2e
Sn + Li2O Scheme 3 Sn + xLi + xe SnLix Scheme 4
Hence, from the CV pattern obtained in the initial 5 cycles, it can be inferred that the SnO2LTO and SnO2LTOC electrodes undergoes a combination of electrode mechanism viz, intercalation and alloy/de-alloy in the initial cycle. Later, only Sn alloying-dealloying reaction persists in the following cycles and is the key mechanism contributing the electrode capacity [28] .
Galvanostatic charge-discharge studies
As a comparative GCD study, Half-cells of SnO2 powders, SnO2LTO and SnO2LTOC dimpled spheres were galvanostatically cycled from 0.05 to 1.5 V at 0.1C for 10 cycles. The voltage profiles of the same are represented respectively in C, D and E of Figure 3 . SnO2 powders showed very poor performance with capacity fade reaching to 0 mAh/g in the initial 10 cycles. SnO2LTO and SnO2LTOC-DS have delivered an initial capacity of 1618 mAh/g and 1782 mAh/g respectively. At the end of the initial 10 cycles at 0.1C, SnO2LTO and SnO2LTOC-DS delivered capacities 300 mAh/g and 517 mAh/g respectively. Later Half cells of SnO2LTO and SnO2LTOC dimpled spheres were galvanostatically cycled at various current densities viz. 0.1C, 0.3 C, 0.5 C, 0.8 C, 1C, 3C and again back to 0.1C (for about 10 cycles each) for studying the rate capability ( Figure  3 F, G) in them. At the lower C rate of 0.1C, the percentage capacity loss in the initial 10 cycles of both SnO2LTO and SnO2LTOC can be calculated as 81.5 and 71% respectively which is attributed to the volume expansion and crystal structure disintegration associated with Sn based materials. As the charging rates were increased, the capacity values were observed as reducing subsequently, whereas the cycle stabilities of the cells were observed as increasing as the charging rates were increased. This can be related as follows: At a lower charging rate, the electrode is utilized more for alloy/ de-alloy reaction as the kinetics of Li -alloying is slow. This leads to the formation of thicker solid electrolyte interface and more amount of SnLi crystal disintegration, due the slow reaction rate. At a higher charging rate, that is related with fast alloying de-alloying reaction, due to the fast reaction rates the amount of Li loss in SEI is lesser. Table. 1 shows a summary of the rate capability studies of SnO2LTO and SnO2LTOC-DS at various C rates. At the end of rate capability studies, SnO2LTO and SnO2LTOC-DS exhibited capacity values 0 mAh/g and 191 mAh/g respectively, ensuing almost 100 % and 88 % capacity loss from the initial cycle.
The SnO2LTOC-DS was tested for cycle stability at 1C rate followed by the rate capability studies at a higher charging rate of 1C. At the end of 200 cycles, the cell has retained a capacity of 93 mAh/g and the percentage capacity loss associated with the cycle stability studies alone was calculated as 56%. The coulombic efficiency of the entire 200 cycles was calculated as 99%. When compared with a bare SnO2 powders, the capacity retention in the SnO2LTOC-DS were better. By carefully controlling the SnO2 and LTO content in the DS and also by reducing the particle size of the dimpled spheres, the capacity fade in the same can be controlled in a more effective manner.
Conclusions
SnO2LTO composite dimpled spheres were successfully prepared by using sol-gel assisted electrospraying technique with Sn: LTO ratio as 2:1. Two different atmospheric heat treatments (air and argon) yielded SnO2LTO and SnO2LTOC-DS. The composite electrode preparation with a second oxide phase has reduced the particle size in the resulting material enabled ease of Li -ion diffusion in the electrode. The SnO2LTOC dimpled spheres showed superior electrochemical properties when compared with SnO2LTO-DS and SnO2 powders. A composite electrode architecture in the form of DS with small amount of conductive carbon as in (SnO2LTOC DS) has helped in enhancing the electrochemical performance of the Sn based electrodes, by reducing the crystal structure disintegration during the alloy/de-alloy reactions. Further studies have to be done in optimizing the ratio of Sn and LTO in the composite electrode for obtaining better capacity retention and cyclic stability.
Figure 2:
Cyclic Voltammetry studies of SnO2LTO-DS (A) and SnO2LTOC-DS (B) at 0.05 mV/s for six cycles. C, D, and E depicts voltage profile of SnO2 powders, SnO2LTO-DS and SnO2LTOC-DS respectively at 0.1C rates. F and G in the figure represents the rate performance study of SnO2LTO-DS and SnO2LTOC-DS at varying C rates. The GCD cycle stability studies of SnO2LTO-DS and SnO2LTOC-DS at 1C rate after the rate capability studies are represented in H. 
